Status of binocular vision is evaluated using binoculars and accommodative tests. The results of these tests allow the optometrist to decide or the type of lenses has to be prescribed or whether a vision therapy is required.
INTRODUCTION
The relative amplitude of accommodation is usually measured in the binocular subjective examination presenting a near vision test at a distance of 40 cm from the glasses or the phoropter. Let us denote by P NL the power of the neutralizing lens. Positive binocular lenses are added in 0'25D steps until the subject manifests the first maintained blurriness. The positive lenses added to the subjective result are the value of the negative relative accommodation (NRA). After, binocular negative lenses are added in 0'25D steps until the subject manifests the first maintained blurriness. The value of negative lenses added is the value of the positive relative accommodation (NRP) . Normal values at a distance of 40 cm: NRA: +2'00 D ± 0.50 and ARP-2'37 ± 0'50D. [2] [3] [4] [5] [6] Under these conditions it is assumed that the stimulus at 40 cm produces 2'50 D of accommodation and 2.50 am of convergence. When the eye is emmetrope, without lenses, we could affirm that this statement is true if the distance of 40 cm is measured from the eye to test. However, in neutralized ammetropia, accommodation and convergence in these conditions is no longer the same.
Keep in mind that normal values used in most binoculars tests are usually determined from emmetropic populations, it is important to know whether they can be used also in ammetropic populations.
A neutralized ammetropic subject does not accommodate in the test position, but at the position where the neutralizing lens forms its image. The neutralized acomodation (A N ) depends on the P NL , as mentioned above [7] :
where Hoc X is the vergence of the test distance taking as origin of measurement the object principal plane of the eye (Hoc), Hoc V δ is the distance from the object principal plane of the eye to the neutralizing lens and Hoc R is the vergence of the remote point measured from the object principal plane of the eye.
As we mentioned above also, a neutralized ammetropic subject does not converge in the plane of the test, but in the position of the effective binocular object. This is because the eye must rotate to maintain foveal fixation when the neutralizing lens is placed in front of eye. [1] The position of the effective binocular object can be calculated with the following expression [8] :
where: x B is the position of the binocular effective object measured from the corneal vertex, x is the test distance measured from the corneal apex, x G is the test distance measured from the lens and q G is the distance of the center of rotation of the eye measured from the lens.
To asses how the value of the neutralizing lens affects the values of accommodation and convergence, two different calculations were carried out for different values of neutralizing lens. First, the accommodation performed considering the position of the test at 40 cm through the neutralizing lens and the convergence considering the position of the effective binocular object position (see Table 1 ) As it can be seen in the tables above, accommodation and convergence values vary for different values of P LN . Furthermore, the values of accommodation and convergence are equal for each neutralizing lens, but these are not the same which would have an emmetropic subject with the test located at 40 cm. Therefore, the starting conditions to performing the binocular optometric test when it is located at 40 cm will not be the same for emmetropic and ammetropic subjects.
ANALYSIS CALCULATION METHOD
In order to the convergence stimulus is equal to ammetropic and emmetropic subjects, we calculated what should be the position of the test such the effective binocular object position was at 40 cm from the spectacle plane in ammetropic subjects. In these circumstances, the accommodation values are obtained for different P LN . The convergence, would be 2.50 am in all cases. As can be seen in Table 2 , the position of the test is modified, the values of accommodation and convergence in all cases are practically the same and equal those obtained by an emmetropic subject if thethe test is at 40 cm. There are small variations in the value of the amplitude of accommodation in hyperopia, although these do not exceed 0'25D and are not clinically relevant. For calculation has been obtained x G value of equation. (2).
As we have commented above, to consider that the lenses added have the same dioptric value that the variation produced in accommodation will lead to an error. To quantify this error, we calculated theoretically the value of the NRA and NRA for different values of P NL and different values of added lenses, both positive and negative. The calculation was performed as follows:
1. Calculation of the position of the test image through the P NL (called X'), using the Gauss equation:
where X' is the vergence of the image and X is the vergence of the object. 3. Calculation of accommodation performed by the eye, depending on the value of the refraction at the position X':
4. Calculation of accommodation performed by the eye, depending on their refraction value, in the position of X'', with equation (3):
5. Difference between the value of accommodation at X'' and at X'. This difference would indicate the variation in accomodation when the lenses are added, and therefore this difference will provide the relative accommodation PRA and NRA.
The results of the calculations are shown below in Table 3 (NRA) and Table 4 (PRA). According to the values shown in the tables above, the value of the lenses added, do not correspond exactly with the change in accommodation. As it can be seen in myope subjects when higher is the value of the P NL higher is the differences respect to the lens added. For example, a myopic subject of -4D to which has added +2 D, the theoretical variation of accommodation is 1'73D, approximately 0'25D lower. But if the myopic subject had P NL =-10D, the difference would increase to 0.50D lower than the lens added. In these cases, since normal values have a standard deviation of 0'50D, the values would be within the norm. Then a subject with a lens added of +1'50 D when P NL =-4D, would be below the standard deviation since variation in accommodation really done would 1'29D, therefore the value would be correct. But in the example explained for P NL =-10 D, the value would be not correct.
In hyperopic refractions the measure of relative accommodation is underestimated. For instance, for a value of P NL =+6 D and a lens added of +2 D, the value of PRA would be 2'27D. However, if the lens added is+3.50 D, the theoretical accommodative change would be 4.06 D, being clinically relevant the difference. Table 4 . NRA theoretical values based on the negative lenses added and the value of the myopic and hyperopic NL.
P NL (D) L(-)
- 2  -4  -6  -8  -10  +2  +4  +6  +8  +10  -0, For myopic subjects, higher is the P NL value higher is the difference in the PRA calculated. For example, in a myopic subject with P NL =-4D to which have added -2D there would be an accommodating variation of 1'65D, 0'35D lower than the value of the lenses added. If the P NL =-10D and the lens added is -2 D the theoretical value of the PRA should be -1'08D, approximately 0.5D lower than the value that is considered normal in this measure.
In hyperopic subjects, depending on the value of P NL , PRA measurement will be overestimated or underestimated. For NL higher than +4 D the theoretical accommodative variation is higher than the added lenses.
Thus, both for measurement of NRA as the PRA, the value of the lenses added do not exactly match the accommodative variation of the eye. The difference between the theoretical value and the lens added increases the value of the P NL and the dioptric value of the added lenses increases.
CONCLUSIONS
Measuring of the relative amplitude depends among other factors on accommodative stimulus value. The most of the peer-viewed literature establish a rule a test distance of 40 cm measured from the glasses (2'50D accommodative stimulus) in normal subjects.
In ametropic subjects we proved that, with the neutralizing lens, the accommodative stimulus does not match to 2'50D. This is because the eye is not accommodating in the position of the test, but in the test image through the lens. Therefore, the conditions under the test is performed are not the same for emmetropic and ametropic subjects. Therefore, the standard rule used is not valid for all cases.
Moreover, the distance of 40 cm is usually taken as reference for the measure of RNA and, however, the dioptric value of these lenses does not match the changes made by the eye in accommodation.
To determine the exact value of relaxing accommodation (RNA) and stimulating accomodation (PRA) a more precise calculation has to carry out. Depending on P NL and positive or negative lenses added the value of relative accommodation changes. Consequently not all subjects who accept the same value of lens added perform the same change in accommodation and therefore the NRA or PRA values would be different.
We have found errors in the measure of the relative amplitudes clinically relevant, and can produce values that are not considered normal. Therefore, in these cases, the clinical conclusions would not be correct.
In order to optimize the measure, it is important that both ammetropic and emmetropic subjects perform the measurement under the same conditions. Therefore, we suggest that it would be desirable to place the test at the position of effective binocular object. Thus, in all cases, the eye will converge to 40 cm and accommodate 2.50 D independently the value of P NL . Furthermore, from the value of the added lenses and the P NL , it should calculate the change in accommodation to obtain more accurate values.
